Background and Purpose-Antithrombotic therapy can prevent strokes and transient ischemic attacks (TIAs) in carefully selected patients who have chronic nonvalvular atrial fibrillation (NVAF). Our objectives were 3-fold: to document the use of warfarin and aspirin therapy in Missouri Medicare beneficiaries with chronic NVAF; to identify factors associated with warfarin and aspirin underuse; and to determine the association between prescription of warfarin and aspirin at hospital discharge and adverse outcomes in this elderly, frail population. Methods-We linked chart reviews from all Missouri hospitals to Medicare claims data from 1993 to 1996. From chart reviews, we documented Medicare beneficiaries' demographic factors, comorbid conditions, and antithrombotic therapy prescribed at the time of hospital discharge. From Medicare claims, we determined the date of outcomes-death from any cause or hospitalization for an ischemic event (a stroke, a TIA, or a myocardial infarction). Results-Only 328 (55%) of the 597 Medicare beneficiaries were prescribed antithrombotic therapy at hospital discharge:
S
troke prophylaxis with antithrombotic therapy is a proven, cost-effective therapy for patients aged 65 to 75 years who have chronic nonvalvular atrial fibrillation (NVAF). 1 The Atrial Fibrillation Investigators found that warfarin-sodium therapy reduced the rate of ischemic stroke by 68% and reduced the rate of the combined end point of death, stroke, or systemic embolism by 48%. 2 Similarly, they found that aspirin therapy reduced the rate of stroke by approximately 25% [3] [4] [5] [6] [7] and the combined end point of death, stroke, or systemic embolism by approximately 28%. 2 Despite these impressive results, antithrombotic therapy is prescribed inconsistently in the NVAF population. At least one fourth of the atrial fibrillation population receives no antithrombotic therapy. 8 -17 The reasons for this underuse are still emerging, but they include physician concern that the benefits of prescribing antithrombotic therapy in clinical trials may not translate into everyday practice. 16, 18, 19 This concern may arise because the randomized trials excluded most of the potential participants, with some trials excluding Ͼ90% of screened patients. 4, 20, 21 The most common reasons for trial exclusion were advanced age and relative contraindications to anticoagulation. Thus, these trials demonstrated the efficacy of warfarin under ideal circumstances, for patients with an average age of 69 or 70 years. Whether the results of these studies can be generalized to an older, sicker population remains controversial, 19, [22] [23] [24] [25] and many physicians are ambivalent about prescribing warfarin to this population. 18,19,26 -31 In North America, atrial fibrillation causes nearly 75 000 strokes or transient ischemic attacks (TIAs) each year. 32, 33 Because the risk of these adverse events increases with advancing age and with comorbid conditions, 2,32 most of them occur in patients who are older or frailer than trial participants. Thus, documenting the use and effectiveness of antithrombotic therapy in older, sicker populations may help to save lives and prevent ischemic events.
Our study had 3 goals. First, we documented the use of antithrombotic therapy at the time of hospital discharge in Missouri Medicare beneficiaries who had chronic NVAF. Second, we determined factors associated with its underuse. Third, we determined the association between prescription of antithrombotic therapy at hospital discharge and adverse outcomes in clinical practice. To accomplish these goals, the Missouri Patient Care Review Foundation (MPCRF) abstracted the hospital charts of a random sample of Medicare beneficiaries with chronic atrial fibrillation and then linked these abstractions with national Medicare administrative databases to determine the rate of death and other adverse outcomes.
Subjects and Methods

Case Selection
We reviewed Medicare Part A claims for all Missouri hospitals from October 1, 1993, through December 31, 1994. We identified 21 071 cases in which atrial fibrillation was a principal or secondary diagnosis (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 427.31). We excluded patients who: died during the hospital admission, were aged Ͻ65 years, had an ICD-9-CM code of rheumatic heart disease (393-398), had a recent history of a cardiothoracic procedure, left against medical advice, or were transferred to another acute-care facility. After these exclusions, we selected a random sample (with slight oversampling of smaller hospitals) of 1147 patients.
Of the 1147 cases with a Medicare claim that included a diagnosis of atrial fibrillation, we excluded 203 cases because the atrial fibrillation was new onset, intermittent, or associated with valvular disease. We excluded 347 cases because no ECG or rhythm strip was recorded during the index hospitalization or because that recording did not demonstrate atrial fibrillation. Thus, the remaining 597 cases, which constitute our study sample, had chronic NVAF documented during their index admission. These patients had a median age of 80 years.
For the outcomes analysis, we excluded an additional 134 patients. We excluded 133 patients because they underwent surgery during the index hospitalization or were within 30 days of a surgery or traumatic accident. We excluded these patients from the outcomes analysis because many of these patients might have had their antithrombotic therapy changed once they recovered from their acute illness. We excluded 1 additional case because outcome information was not available. Thus, for our outcomes analysis we had a sample size of 463 patients. The median age in this sample also was 80 years.
Baseline Data Collection
Trained nurses at the Missouri Patient Care Review Foundation abstracted the 1147 charts. They noted whether any of the following antithrombotic drugs were prescribed at hospital discharge: warfarin, aspirin, persantine, ticlopidine, or heparin. The average interrater agreement was excellent (kappa statisticϭ92%). To simplify interpretation of antithrombotic therapy use, they classified the 11 patients discharged on persantine or ticlopidine in the aspirin category. In the warfarin category, they included the 4 patients discharged on heparin. They designated hospitals as urban or rural on the basis of the Metropolitan Statistical Areas defined by the US Department of Commerce, with major and minor metropolitan areas combined into the urban category.
In their chart review, the nurses also noted risk factors for stroke and contraindications to anticoagulants. These stroke risk factors included previous ischemic event, hypertension, congestive heart failure, and diabetes mellitus. 2, 34 Contraindications included history of gastrointestinal, pulmonary, or intracranial hemorrhage; trauma or surgery during the index hospitalization or within 30 days of that admission; blood dyscrasia (eg, thrombocytopenia); neuropsychological impairment; renal or hepatic disease; and others (eg, medication allergy).
Outcomes Assessment
Using the Health Insurance Claim number, we linked the baseline chart abstractions with dates of death or hospitalization for an ischemic event (stroke, TIA, or myocardial infarction). The date of death was assessed from the denominator file of living Medicare beneficiaries. Hospitalization for an ischemic event was assessed from Medicare part A claims data (MEDPAR). We used the following ICD-9-CM codes, in either a primary or secondary position, to identify ischemic events: 410 (acute myocardial infarction), 434 (occlusion of cerebral arteries), 435 (TIA), and 436 (acute but ill-defined cerebrovascular disease). We excluded the ICD-9-CM code of 433 (occlusion and stenosis of precerebral arteries) because that code is often used for asymptomatic carotid disease. 35 We had complete follow-up data for 500 days or until the date of death for all 463 patients in the outcomes analysis. The study was approved by the Health Care Financing Administration (HCFA) Regional Office that oversees MPCRF and by the Human Subjects' Committee at Washington University Medical Center.
Statistical Analysis
Initially, we performed univariate analyses to examine the influence of the demographic and clinical variables on the use of antithrombotic therapy. We combined the variables for the prescription of warfarin and of aspirin into a single category (antithrombotic therapy) and then used the 2 statistic to compare the use of antithrombotic therapy versus no antithrombotic therapy in clinical and demographic subgroups.
Subsequently, we used forward, stepwise multivariate logistic regression to determine the independent influence of each variable on the use of antithrombotic therapy. 36 Variables whose probability values were Յ0.10 were entered sequentially into the logistic regression model. For all analyses, we considered a 2-tailed PՅ0.05 to be statistically significant. We used JMP 3.2 and SAS 6.12, both by the SAS Institute Inc, to perform the statistical analyses.
We used time-dependent analyses to determine the effect of antithrombotic therapy on adverse outcomes (death from any cause or hospitalization for an ischemic event). We included adverse outcomes that occurred within 500 days of the index hospitalization. Using Kaplan-Meier curves, we examined the effect of the 3 treatment options, warfarin, aspirin, or no therapy. For that graph, we classified the 9 patients who were discharged on both warfarin and aspirin in the warfarin group. We compared the survival curves using the log-rank statistic.
We used a Cox proportional hazards model to quantify the association between prescription of warfarin or aspirin and adverse outcomes. First, we used an unadjusted Cox model and then added the following covariates progressively: age, sex, stroke risk factors, and contraindications to antithrombotic therapy. From the final Cox model, with all of these variables included, we calculated the relative risk reduction (RRR) as 1 minus the hazard rate. Also from the final model, we estimated the 1-year absolute risk reduction of warfarin and aspirin by multiplying the RRRs by the 1-year probability of adverse outcomes observed in the no-therapy group. In a secondary analysis, we used the final model to determine the independent association between the antithrombotic therapy prescribed and a composite outcome of stroke or TIA. In this secondary analysis we censored deaths, except deaths that occurred at the time of a stroke or TIA.
Results
Predictors of Antithrombotic Therapy Use
Overall, 34% of patients were prescribed warfarin, 21% were prescribed aspirin, and 45% were not prescribed any anti-thrombotic therapy (Table 1) . In univariate analyses, patient age and gender were significantly related to antithrombotic therapy prescription, as was location of the facility at which treatment occurred: Patients aged Ն76 years were less likely to receive antithrombotic therapy than were younger patients (PϽ0.001), females were less likely than males to receive antithrombotic therapy (Pϭ0.02), and patients treated in rural facilities were prescribed antithrombotic therapy less frequently than patients in metropolitan facilities (Pϭ0.02).
Of the relative contraindications to antithrombotic therapy, history of hemorrhage (Pϭ0.001), recent surgery or trauma (Pϭ0.001), blood dyscrasia (PϽ0.001), and renal or hepatic disease (Pϭ0.04) were significantly associated with lower use of antithrombotic therapy. Of the specific stroke risk factors, only a history of prior embolic event was associated with significantly higher antithrombotic use (Pϭ0.003).
Multivariate analysis corroborated the results of the univariate analyses: We found underuse of antithrombotic therapy in NVAF populations that were elderly, female, or rural. Compared with younger patients, the odds (95% CI) of receiving antithrombotic therapy were 1.7 (1.2 to 2.5) times lower in patients aged Ͼ75 years (PϽ0.01). Likewise, the odds (95% CI) of receiving antithrombotic therapy were 1.5 (1.0 to 2.1) times lower in female rather than male patients (Pϭ0.05) and 1.7 (1.2 to 2.5) times lower in patients discharged from a rural rather than an urban hospital (PϽ0.05).
Among 195 ideal anticoagulation candidates, defined as patients with no contraindication to anticoagulation and at least 1 stroke risk factor (in addition to their NVAF), 46% were prescribed warfarin, 23% were prescribed aspirin, and 31% received no antithrombotic therapy. Among 111 ideal anticoagulation candidates aged Ͼ75 years, only 41% were prescribed warfarin and 22% were prescribed aspirin.
Outcomes of Antithrombotic Therapy Use
The Kaplan-Meier curves (Figure) demonstrated that patients who were prescribed antithrombotic therapy were significantly less likely to have an adverse outcome (death or hospitalization for an ischemic event; Pϭ0.0001). In a Cox proportional hazards model unadjusted for potential confounders, warfarin was associated with a 31% RRR in the rate of an adverse outcome (PϽ0.001) while aspirin was associated with a nonsignificant 11% RRR (Pϭ0.19). When we adjusted for potential confounders in the Cox proportional hazards model (Table 2) , warfarin therapy was associated with a 24% RRR in the rate of an adverse outcome (Pϭ0.003) while aspirin was associated with a nonsignificant 5% RRR (Pϭ0.56). *In calculating P values, the proportion of patients receiving warfarin, aspirin, or both was compared with the proportion receiving neither. Percentages in rows add to slightly over 100% because some patients were prescribed both warfarin and aspirin.
By multiplying these RRRs by the 1-year probability of adverse outcomes in untreated patients, we estimated the absolute risk reductions associated with prescribing antithrombotic therapy. In the first year after their index hospitalization, patients who were not prescribed antithrombotic therapy had a 37% probability of suffering an adverse outcome. The annual absolute risk reduction for an adverse outcome was 8.9% with warfarin therapy and 1.9% with aspirin therapy. Thus, approximately 1 death or hospitalization for an ischemic event was averted for each 11 patientyears of warfarin therapy and for each 54 patient-years of aspirin therapy.
In a secondary analysis we examined the association of antithrombotic therapy with hospitalization for stroke or TIA. Among the 463 patients included in this analysis, 33 suffered strokes or TIAs: 9 of these occurred in the 163 patients who were prescribed warfarin, 8 occurred in the 96 patients who were prescribed aspirin, and 16 occurred in the 204 patients who were prescribed neither therapy. In the Cox model that focused on stroke and TIA, warfarin was associated with a nonsignificant 30% RRR (Pϭ0.4) in strokes or TIAs while aspirin was associated with no reduction in these events (RRRϭϪ5%, Pϭ0.9).
Discussion
In light of the overwhelming evidence 2-5,20 -22,37 that stroke can be prevented by antithrombotic therapy, the low use of warfarin and aspirin in Medicare beneficiaries is disappointing and concerning. Of 597 Missouri Medicare beneficiaries with chronic NVAF, only 328 (55%) were prescribed antithrombotic therapy at hospital discharge: 201 (34%) received warfarin and 127 (21%) received aspirin therapy. The use of antithrombotic therapy was especially low in elderly, female, and rural populations.
The low use of warfarin that we observed corroborates the findings in other populations with atrial fibrillation. 9 -16 For example, Stafford and Singer 11 found that the use of antithrombotic therapy was 32% among outpatients with atrial fibrillation who saw a physician in 1992 or 1993. Gurwitz and colleagues 12 found a similar use of antithrombotic therapy among residents living in a long-term care facility between 1993 and 1995. Albers and colleagues 12 noted that at discharge from a university hospital, 44% of ideal anticoagulation candidates were prescribed warfarin-a finding almost identical to the 46% use that we found in the ideal candidates discharged from Missouri hospitals.
There appear to be 2 main reasons for the low use of antithrombotic therapy: inconvenience 38 and physicians' fear of hemorrhage. 16, 18, 19, 28 Compared with urban patients, rural patients often travel farther to have their INRs monitored, and this greater inconvenience may contribute to their lower use of warfarin. 8 Physicians' fear of hemorrhage likely arises because the risk of hemorrhage doubles in patients prescribed anticoagulants outside of experimental trials 39, 40 and because physicians attach a greater negative value to hemorrhagic strokes than to ischemic ones, even when the health outcomes are the same. 41 The emphasis on avoiding hemorrhagic strokes and other iatrogenic events may cause physicians and patients to choose therapy that minimizes side effects rather than therapy that maximizes benefit. 42, 43 Physicians' aversion to causing a hemorrhagic stroke 16, 18, 19, 27, 28 also may account for the underuse of antithrombotic therapy in the very elderly. Even when we controlled for their higher prevalence of comorbid conditions, Medicare beneficiaries aged Ͼ75 years were 1.7 times less likely to receive antithrombotic therapy than younger beneficiaries. Ironically, because of their higher risk of stroke, the net benefit of antithrombotic therapy may be greater in octogenarians than in younger patients. 1, 2 The tendency of Kaplan-Meier curves for the adverse outcomes of death or hospitalization for an ischemic event (stroke, TIA, or myocardial infarction). Numbers below the x axis indicate patients at risk at the start of each 100-day time window. Nϭ463. *PՅ0.01.
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physicians to use subtherapeutic INRs when they prescribe warfarin in the very elderly 12, 19, 27 further supports the hypothesis that selection of therapy is based more on avoiding iatrogenic complications than on maximizing expected benefit. Like the very elderly, the female atrial fibrillation population may be undertreated, but the explanation for their undertreatment is less clear. 30 Antithrombotic therapy is no less effective in women than in men, 2 and rates of major hemorrhage are similar in both sexes. 39 Inherent to any observational study, our analysis has several limitations. First, we obtained baseline information about the patients and their therapy from chart review. Although the interrater reliability of chart abstraction was excellent, factors relevant to the choice of antithrombotic therapy, such as patients' preferences, 44, 45 may not have been recorded in the hospital charts. A second limitation is that our analyses relied on charts of beneficiaries hospitalized on or before December 1994, and use of antithrombotic therapy in the NVAF population may be more prevalent today. 11, 31 Third, although we documented the therapy prescribed at the time of hospital discharge, we could not assess the use of antithrombotic therapy during the follow-up interval. Thus, we performed intent-to-treat analyses of the outcomes, rather than on-treatment analyses. Fourth, although we controlled for stroke risk factors and for contraindications to antithrombotic therapy in our outcomes analyses, potential for residual confounding effects remained. Finally, we used administrative data, rather than chart reviews, to assess outcomes.
There are several possible explanations for why the RRRs we observed were lower than the RRRs reported in the clinical trials. First, compliance with antithrombotic therapy, especially with warfarin, is likely to be lower in practice than in the clinical trials. 46 Second, physicians tend to use suboptimal INRs when treating elderly patients. 27 Third, our RRRs-24% for warfarin and 5% for aspirin-were based on a composite end point of death from any cause and hospitalization for an ischemic event (stroke, TIA, or myocardial infarction). We used a composite outcome as our primary end point because of its clinical relevance and its ability to capture fatal ischemic events that did not result in a hospitalization in Missouri. Finally, the true benefit of antithrombotic therapy in this elderly, frail population may be less than the benefit reported from the clinical trials.
Despite the modest RRRs observed in this population, the absolute risk reductions were substantial. Approximately 1 death or nonfatal ischemic event was averted for each 54 patient-years of aspirin therapy and for each 11 patient-years of warfarin therapy. By applying the latter figure to the 20 000 Missouri Medicare beneficiaries who are hospitalized with NVAF annually, we estimate that increasing the appropriate use of warfarin therapy by 5% could avert 91 deaths or hospitalizations in the subsequent year.
Our study demonstrates that antithrombotic therapy has been underused in Medicare beneficiaries who have NVAF and that this underuse has led to measurable adverse outcomes. The benefits of warfarin therapy appear to extend to frail, elderly patients, a group that was excluded from randomized controlled trials. Because many of these patients had contraindications to warfarin therapy, further study of antiplatelet therapy in this population is warranted.
